To investigate the combination of erlotinib, capecitabine, and oxaliplatin in patients who were previously treated for metastatic colorectal cancer.
INTRODUCTION
Colorectal cancer is the third most common malignancy and second most frequent cause of cancerrelated death in the United States, with 145,290 new cases and 56,290 deaths anticipated in 2005.
1 Nineteen percent of patients with colorectal cancer have metastatic disease at the time of diagnosis 2 and nearly 50% of patients who are initially diagnosed with localized disease ultimately develop metastases. 3 While there have been substantive advances in the treatment of metastatic colorectal cancer over the past 5 years, 4 median survival for these patients remains under 2 years and less than 5% of patients survive for more than 5 years. New treatment strategies need to be explored.
Cytotoxic chemotherapies active against colorectal cancer include fluoropyrimidines, oxaliplatin, and irinotecan. For most patients with chemotherapy-naïve metastatic colorectal cancer, combination therapy that includes a fluoropyrimidine with either oxaliplatin or irinotecan is a reasonable first-line approach. [5] [6] [7] [8] For patients who receive irinotecan-based therapy as initial treatment, oxaliplatin-based combination therapy is efficacious in second line. 9 In a large, randomized phase III trial, treatment with a regimen of infusional fluorouracil (FU), leucovorin, and oxaliplatin (FOLFOX) led to a 10% response rate and 4.6 month time-to-tumor progression in patients previously treated with bolus FU, leucovorin, and irinotecan. Borner et al demonstrated similar results substituting capecitabine for infusional FU in a phase II study of 26 patients previously treated for metastatic colorectal cancer (response rate, 15%; 4.2 month timeto-treatment failure). A n t i a L a b o r a t o r i e s I n c .
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With the introduction of targeted therapies in clinical practice, there is increasing interest in adding such treatments with cytotoxic chemotherapy to improve the efficacy of therapy. The addition of bevacizumab, a monoclonal antibody against the vascular endothelial growth factor, to first-line therapy has been shown to both enhance response rates and improve overall survival. 11 The epidermal growth factor receptor (EGFR) has also emerged as an important therapeutic target in a variety of human cancers.
12 Alterations in the function of EGFR lead to cell growth, invasion, angiogenesis, and metastases. In colorectal cancer, between 25% and 77% of tumors overexpress EGFR, [13] [14] [15] and overexpression has been associated with a poorer prognosis. 13, 15 Monoclonal antibodies against EGFR have proven efficacious as monotherapy and in combination with irinotecan in patients previously treated for metastatic disease. [16] [17] [18] In contrast, the oral inhibitors of the EGFR intracellular domain, such as erlotinib and gefitinib, do not appear to have measurable activity against metastatic colorectal cancer as single agents, [19] [20] [21] but may enhance the activity of combination chemotherapy. 22, 23 Erlotinib is an attractive option for EGFR inhibition due to ease of administration and potentially decreased visits to the infusion unit (compared with weekly cetuximab).
We therefore conducted a multicenter phase II study to assess the efficacy and toxicity of a combination of capecitabine, oxaliplatin, and erlotinib for the second-line treatment of patients with metastatic colorectal cancer.
PATIENTS AND METHODS

Patients
Patients for this study were eligible if they had metastatic colorectal adenocarcinoma previously treated with one prior chemotherapy regimen for metastatic disease and/or recurred within 12 months of completion of adjuvant therapy, had measurable disease by Response Evaluation Criteria in Solid Tumors Group (RECIST), Eastern Cooperative Oncology Group (ECOG) performance status 0 to 2, and adequate hematologic, hepatic, and renal function. Patients could not have been previously treated with oxaliplatin or an epidermal growth factor inhibitor (prior fluoropyrimidine, including capecitabine, was allowed), had a peripheral neuropathy of grade 2 or greater severity, major surgery in the past 4 weeks, uncontrolled serious medical or psychiatric illness, or concurrent other malignancy (except limited basal cell or squamous cell carcinoma of the skin or in situ cervix carcinoma). In addition, patients lacking physical integrity of the upper gastrointestinal tract or who had a malabsorption syndrome were ineligible. The study was approved by the Dana-Farber/Harvard Cancer Center (Boston, MA) institutional review board. All patients signed informed consent.
Treatment
The first patient cohort (13 patients) in the trial received intravenous oxaliplatin 130 mg/m 2 over 2 hours on day 1, and then began oral capecitabine 1,000 mg/m 2 twice per day for 14 days. Treatment cycles were repeated every 21 days; erlotinib 150 mg was administered daily throughout the 21-day cycle. Following observations of a high incidence of diarrhea in the first 13 patients (cohort 1), the initial dose of capecitabine was reduced to 750 mg/m 2 twice per day (cohort 2); doses of oxaliplatin and erlotinib remained the same.
All toxicities were graded according to the National Cancer Institute (NCI; Bethesda, MD) Common Toxicity Criteria (CTC) version 2.0, except for neurotoxicity (which was graded based on an NCI-accepted grading and dose modification schema specific for oxaliplatin). Initiation of a cycle of capecitabine and oxaliplatin required absolute neutrophil count at least 1,500/ L, platelets at least 100,000/L, and resolution of other toxicities to at least CTC grade 1. Resolution of toxicity was required within 3 weeks of intended start of cycle or patients were withdrawn from the study.
Erlotinib dose was held for up to 14 days for grade 3 or 4 skin toxicities, grade 3 or 4 nausea, grade 3 vomiting, grade 2 or greater diarrhea, and other unanticipated, drug-related adverse effects. Erlotinib was restarted when toxicities resolved to no greater than grade 1 (or skin toxicity was tolerable to patient). For rash, nausea, vomiting, or grade 2 diarrhea, erlotinib could be resumed at the same dose, though a dose reduction was permitted at the clinician's discretion. For grade 3 or 4 diarrhea, a dose reduction was required. Erlotinib could be continued even if capecitabine and oxaliplatin required a treatment delay if adverse effects were deemed not attributable to erlotinib by the treating clinician. Erlotinib dose reductions were in 50 mg decrements, with the lowest dose to remain on study being 50 mg daily.
Capecitabine dose reductions were required for grade 3 or 4 neutropenia, thrombocytopenia, or anemia; grade 2 or 3 hand-foot syndrome; grade 2 or greater stomatitis; grade 2 or greater diarrhea (despite optimal antidiarrheal therapy); or other grade 3 or 4 toxicities by NCI-CTC criteria. For the first cohort of patients (initial dose of capecitabine 1,000 mg/m 2 twice per day for 14 days), dose reductions were to 750 mg/m 2 , and 500 mg/m 2 . For the second cohort of patients, dose levels were 750 mg/m 2 (initial dose), 625 mg/m 2 , and 500 mg/m 2 . Oxaliplatin dose reductions were required for grade 4 neutropenia or anemia, grade 3 or 4 thrombocytopenia, grade 2 paresthesias or dysesthesias persistent between cycles, grade 3 paresthesias or dysesthesias lasting longer than 7 days, grade 3 nausea or emesis or grade 4 emesis (in setting of optimal antinausea therapy), grade 4 diarrhea (despite optimal antidiarrheal therapy), or other grade 3 or 4 toxicities by NCI-CTC criteria. Patients on protocol were initially treated with 130 mg/m 2 of oxaliplatin every 3 weeks; dose level 1 was 100 mg/m 2 and dose level 2 was 75 mg/m 2 . Treatment was continued until development of progressive disease by RECIST, unacceptable toxicity, withdrawal of consent, intercurrent illness that prevented continuation of therapy, or changes in the patient's condition that rendered him or her unable to continue study drugs (as judged by the treating clinician).
Evaluation
Baseline tumor measurements by computer tomography were obtained within 21 days before treatment was initiated. Physical examination, toxicity assessment, and laboratory studies were conducted at the start of each 3-week cycle, with the exception of the first cycle when weekly assessments were required. Patients were asked to keep a diary of their self administration of capecitabine and erlotinib as well as record daily adverse effects.
Repeat imaging was required at 6 weeks and 12 weeks, and then every 9 weeks thereafter. Evaluation of response, stable disease, and disease progression was based on RECIST. Confirmation scans for responders (at A n t i a L a b o r a t o r i e s I n c .
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Statistical Analysis
The primary end point of this study was to determine the response rate of the combination of capecitabine, oxaliplatin, and erlotinib in patients with previously treated metastatic colorectal adenocarcinoma. Secondary objectives included assessment of progression-free survival and overall survival of the regimen as well as characterization of toxicities.
Responses were determined by RECIST with an intention-to-treat analysis.
24 Progression-free survival was defined as the time between study enrollment and progression of disease or death while on protocol; patients who were withdrawn from the study for other reasons were censored at the discontinuation of study therapy. Overall survival was defined as the time between study enrollment and death. Both progression-free survival and overall survival were estimated by the Kaplan-Meier method.
25
Power calculations were based on a phase II two-stage design. The proposed regimen was to be considered worthy for additional investigation in this patient population if a true response rate of 15% or greater and not worthy if 3% or less. A total of 32 eligible patients were entered into the study; 15 in the first stage and 17 in the second stage. The probability of concluding the regimen effective after accruing 32 patients was 84% if the true response rate is 15% and 6% if the true response rate is 3%.
RESULTS
Baseline Characteristics
Between April 2003 and October 2004, 32 patients were enrolled onto this study. One patient came off study before restaging scans being performed. The remaining 31 patients all completed at least one cycle (median, six cycles; range, one cycle to 18 cycles). Primary analyses were based on intent-to-treat; thus, all 32 patients enrolled were included in efficacy and toxicity analyses. The baseline characteristics of the enrolled patients are shown in Table 1 . The study cohort was principally male with a median age of 56, and 56% of patients had a baseline ECOG performance status of 0. Eighty-one percent of patients had received one prior chemotherapy regimen for metastatic disease (all but one patient had a prior regimen with irinotecan), and 19% of patients developed disease progression within 12 months of adjuvant chemotherapy. All patients who had previously received chemotherapy for metastatic disease were treated with an irinotecancontaining regimen. Moreover, among all 32 patients, 50% previously received adjuvant therapy.
Efficacy
The primary end point for this study was objective response rate (Table 2) . By intent-to-treat analysis, eight patients (25%; 95% CI, 10% to 40%) experienced a partial response and 14 patients (44%; 95% CI, 27% to 61%) had stable disease for at least 12 weeks. Among patients who completed at least two cycles of therapy (ie, 6 weeks of treatment), the response rate was 27% and incidence of stable disease for at least 12 weeks was 47%. No differences in response rate or incidence of stable disease were observed between patients who did or did not receive prior irinotecan. Similarly, for the seven patients who progressed within 12 months of adjuvant therapy, two patients (28%) experienced a partial response and three patients (43%) had stable disease.
One half of patients came off therapy (Table 3) due to progression of disease (at least 20% increase in the sum of the longest dimensions of target lesions). Three (9%) additional patients withdrew consent due to clinical evidence of disease progression, nine patients (29%) discontinued study therapy due to toxicity that either required withdrawal or no additional dose reductions were allowable, and three (9%) additional patients withdrew consent due to toxicity that could have either been managed with dose reductions or optimization of Toxicity either not treatment related or not requiring withdrawal from study 3 9
Abbreviation: RECIST, Response Evaluation Criteria in Solid Tumors.
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I n c . h t t p : / / w w w . a n t i a l a b s . c o m supportive measures (eg, antidiarrheal medications). One patient proceeded with surgery for isolated liver metastases; this patient only obtained stable disease as a best response to therapy, was on protocol therapy for 4.4 months, and remains alive at 28.7ϩ months. The median progression-free survival for the entire patient cohort was 5.4 months (95% CI, 4.4 months to 6.4 months). There was no difference in progression-free survival when the analysis was limited to patients who received prior irinotecan. The median overall survival (Fig 1) for the overall cohort was 14.7 months (95% CI, 7.9 months to 21.5 months). Exclusion of the one patient who underwent surgical resection of liver metastases, who may have had more favorable disease at the onset, did not alter this overall survival estimate.
Toxicities
Patients received a median of six cycles of therapy (one cycle is 21 days), with a range from one to 18 cycles. The major grade 3 and 4 toxicities experienced by the patients treated with this regimen are shown in Table 4 . Before the dose reduction of capecitabine from 1,000 mg/m 2 twice a day for 14 days (cohort 1) to 750 mg/m 2 (cohort 2), 92% of patients experienced at least one grade 3 or 4 toxicity, principally gastrointestinal events, dehydration, and fatigue. After the dose reduction (n ϭ 19 patients), therapy appeared better tolerated, with most subsequent toxicities being characteristic of prolonged therapy with capecitabine and oxaliplatin (eg, neuropathy and bone marrow suppression). These differences are consistent with the fact that patients in cohort 1 received a median of four cycles (range, one to seven), while patients in cohort 2 received a median of six cycles (range, two to 18).
Eighty-eight percent of patients in the entire cohort required a dose reduction of one or more agents while on trial (Table 5) . A total of 21 (66% of entire cohort) patients required at least one dose reduction of the erlotinib, of whom eight required two dose reductions (initial dose 150 mg daily, dose level 1 was 100 mg daily and dose level 2 was 50 mg daily). Most reductions were due to diarrhea (71%) and/or dermatitis (33%). Twenty-four patients (75%) required at least one dose reduction of capecitabine (85% of patients in cohort 1, and 68% of those in cohort 2). Eleven of these patients required two dose reductions, the maximum allowable to continue on protocol therapy. The most common reasons for capecitabine dose reduction were diarrhea (63%), dermatitis (including hand-foot syndrome; 21%), and/or nausea or emesis (21%). Finally, 17 patients (53%) required at least one dose reduction of oxaliplatin; five of those patients required two dose reductions. Dose reductions from oxaliplatin were attributed to nausea or emesis (29%), diarrhea (53%), neuropathy (24%), fatigue (18%), and/or thrombocytopenia (12%).
DISCUSSION
In this multi-institution, phase II study of the combination of capecitabine, oxaliplatin, and erlotinib for patients with previously treated metastatic colorectal cancer, we observed a response rate of 25% and median progression-free survival of 5.4 months. The median survival for this population of patients who progressed on first-line chemotherapy or within 12 months of adjuvant therapy was longer than 14 months. Excessive gastrointestinal toxicity was observed in an initial patient cohort; the regimen was better tolerated after the initial dose of capecitabine was reduced from 1,000 mg/m 2 twice per day for 14 days to 750 mg/m 2 . Our findings compare favorably with similar regimens with a fluoropyrimidine and oxaliplatin-containing combination in secondline colorectal cancer treatment (Table 6) . 5, 9, 10, 23, 26, 27 Regimens with A n t i a L a b o r a t o r i e s I n c .
h t t p : / / w w w . a n t i a l a b s . c o m infusional FU or capecitabine and oxaliplatin for patients with previously treated metastatic colorectal cancer result in response rates of 10% to 15% and progression-free survival of 4 months to 5 months. Recent data suggest that adding a targeted agent does improve the efficacy of these regimens. 10, 23, 26 Our study does not address whether other means of targeting the EGFR receptor may further enhance activity in this setting. In colorectal cancer, cetuximab and panitumumab (monoclonal antibodies against EGFR) have activity as monotherapy [16] [17] [18] 28 and cetuximab enhances the activity of irinotecan. 16 In contrast, erlotinib and gefitinib do not appear to have measurable activity against metastatic colorectal cancer as single agents.
19-21 Nonetheless, oral tyrosine kinase inhibitors of EGFR may augment the activity of combination chemotherapy against metastatic colorectal cancer. Kuo et al recently reported promising activity (response rate, 33%; median event-free survival, 5.4 months) for the combination of gefitinib, infusional FU, leucovorin, and oxaliplatin (IFOX) in patients previously treated for metastatic colorectal cancer. 23 Similarly, Delord et al reported a 22% response rate as preliminary results of a phase I/II study of the combination of erlotinib, capecitabine, and oxaliplatin. 29 The consistency of our results with those of Kuo and Delord and comparison with historical controls suggest that the oral EGFR tyrosine kinase inhibitors may increase the activity of cytotoxic chemotherapy for patients with previously treated metastatic colorectal cancer, though these studies with gefitinib and erlotinib have the limitation of small sample size.
The tolerability of the combination was fair and generally comparable with other studies of capecitabine and oxaliplatin. 30, 31 In a recent presentation by Hochster et al, capecitabine (at a starting dose of 1,000 mg/m 2 twice a day for 14 days) with oxaliplatin in previously-untreated patients with colorectal cancer resulted in 27% grade 3/4 diarrhea, 19% grade 3/4 emesis, 21% grade 3/4 dehydration and 73% any grade 3/4 toxicity. These rates are similar to those in our trial of previously treated patients with the starting dose of 1,000 mg/m 2 for capecitabine, with the exception of diarrhea. The increased diarrhea in our trial likely reflects an additive toxicity of the capecitabine and erlotinib. In Kuo's trial of FOLFOX and gefitinib, the rate of grade 3 or 4 diarrhea was 48%. 23 Our regimen of capecitabine, oxaliplatin, and erlotinib was better tolerated overall (68% any grade 3/4 toxicity compared with 92%) when the initial dose of capecitabine was dropped to 750 mg/m 2 twice a day for 14 days, though a 37% grade 3 or 4 diarrhea rate may still be considered high. Nonetheless, regimens of capecitabine and oxaliplatin seem to be more toxic than FOLFOX, particularly at the 1,000 mg/m 2 twice per day of capecitabine dose, 32 which likely contributed to the high rate of dose reductions in this study.
The number of available chemotherapy regimens against metastatic colorectal cancer is rapidly growing. The ultimate question is where this phase II trial fits in this evolving field. A second-line combination with oxaliplatin may not be as useful to oncologists who have shifted their practice to first-line use of oxaliplatin. A phase II study of gefitinib and FOLFOX chemotherapy in previously untreated patients with metastatic colorectal cancer demonstrated similar good results when compared with historical controls. 33 Since bevacizumab has now been added to chemotherapy for patients with metastatic colorectal cancer, the addition of an oral tyrosine-kinase inhibitor of EGFR to chemotherapy plus bevacizumab remains an important area for additional investigation. Therefore, we are currently enrolling previously untreated patients with metastatic colorectal cancer onto a phase II study of bevacizumab, erlotinib, and FOLFOX. 
